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Decreasing cost

Sequencing Cost per Genome: 2001 to 2020
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Diagnostics

Whole genome sequencing will turther increase diagnostic

ge. Coverage across the exome is highly variable: although WES Is typically undertaken at high mean
0C X coverage achieved over only ~85% of targeted coding regions {S]. WGS provides very consistent
age - at 40X mean coverage, >96% of the mappable genome is covered at > 20X depth

Diagnostic yields for ID with WGS estimated >60%
LETTER

Genome sequencing identifies major causes of severe
intellectual disability
Christian Gilissen'®, Jayne Y. Hehir-Kwa'®, Dile Tyjwan Thung', Maartje van de Vorst', Bregje W, M. van Bon',

Marjolein H, Willemsen', Michael Kwint', Irene M. Janssen’, Alexander Hoischen', Annette Schenck’, Richard Leach®, .
Robert Klein®, Rick Tearke?, Tan Bo', Rolph Plundt’, Helger G. Yntema', Bert B, A de Vries', Tjitske Kleefstra', Han G, Brunner™**,

Lisenka E. L M. Vissers'* & Joris A, Veltman'**
Nature, June 2014
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Sudden cardiac arrest
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Classified and unclassified variants

* Three different categories, i.e. pathogenic, benign and
unclassified variants

* Focus on causal variants for a specific disorder (ESHG)

* |f a causal variant cannot be detected then a wider
analysis may be considered (ESHG)

e Communication of unclassified variants?
o From lab to clinician?
o From clinician to patient?
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Mutation databases

* |mportance of locus-specific databases with information
about the clinical interpretation of the databases

* Importance that all laboratories have a policy of submitting
all variants to such databases

EJHG Euwropean Journal of Human Genetics (2013) 21, 585588
Opeﬂ & 2013 Macmillan Publishers Limited All rights resenved 1018-4813/13

www.nature.com/ejhg

The next controversy in genetic testing:
clinical data as trade secrets?

Robert Cook-Deegan* 2, John M Conley**, James P Evans® and Daniel Vorhaus*
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Is there a duty to follow up and to recontact?

* Duty of care?

* General consensus: “a general duty of recontact patients
cannot be maintained” (ESHG)

o Too burdensome
o Not proportional

o Patients who are discharged from care should know that
they have the responsibility to recontact physicians for
eventual follow-up

* Recontact in exceptional situations

 Communications through patient organisations, websites,
forums, news...
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Have 3 seat Kermt What 'm about o tell you might come as
big shock

nJ LEUVEN



Parallel to other incidental findings

* “This incorrectly assumes that analysis of clinically
beneficial incidental findings is a discrete test requiring
separate consent, whereas in reality it is integral to the
primary interrogation.” (McGuire 2013)

* Needs additional operations and analysis (Burke 2013)
* Risk of disease versus disease process (PHG 2013)
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Terminology

* Incidental findings,

* unsolicited variants,

* unanticipated results,

* secondary variants,

* unexpected or off-target results,

* unsought results, or unrelated findings
* non-incidental secondary findings,

* serendipitous or iatrogenic findings

* ‘“unsolicited finding to mean a result found during research
or clinical testing that is beyond the aims of the study, or
the original reason to conduct clinical testing.”
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ESHG

* ‘it is preferable to use a targeted approach first in order to
avoid unsolicited findings or findings that cannot be
interpreted.”

* Filtering

Whole-genome sequencing in health care

Recommendations of the European Society of Human Genetics

Carla G van EI', Martina C Cornel'*?, Pascal Borry*, Ros ] Hastings, Florence Fellmann®, Shirley V Hodgson’,
Heidi C Howard®?, Anne Cambon-Thomsen®®, Bartha M Knoppers!®, Hanne Meijers-Heijboer!!,

Hans Scheffer'?, Lisbeth Tranebjaerg!>'*15, Wybo Dondorp!®7, Guido MWR de Wert*-1617

on behalf of the ESHG Public and Professional Policy Committee

European Journal of Human Genefics (2013) 21, 580-584; doi:10.1038/ejhg.2013.46




ESHG

* “Guidelines for informed consent regarding diagnostic
testing need to be developed. Patients’ claims to a right
not to know do not automatically over-ride professional
responsibilities when the patient’s own health or that
of his or her close relatives are at stake. Patient groups
could provide important input into how this should be
handled.”

Whole-genome sequencing in health care

Recommendations of the European Society of Human Genetics

Carla G van EI', Martina C Cornel'??, Pascal Borry*, Ros ] Hastings®, Florence Fellmann®, Shirley V Hodgson’,
Heidi C Howard®®, Anne Cambon-Thomsen®?, Bartha M Knoppers'?, Hanne Meijers-Heijboer!!,

Hans Scheffer'?, Lisbeth Tranebjaerg!>*!>, Wybo Dondorp'®!’, Guido MWR de Wert>1617

on behalf of the ESHG Public and Professional Policy Committee

European Journal of Human Genefics (2013) 21, 580-584; doi: 10.1038/ejhg.2013.46




ESHG

* “Whenever the use of these techniques is considered, a
protocol has to be in place to give guidance on the
reporting of unsolicited findings. If the detection of an
unsolicited genetic variant is indicative of serious health
problems (either in the person tested or his or her
close relatives) that allow for treatment or prevention,
In principle, a health-care professional should report such
genetic variants.”

Whole-genome sequencing in health care

Recommendations of the European Society of Human Genetics

Carla G van EI', Martina C Cornel'??, Pascal Borry*, Ros ] Hastings®, Florence Fellmann®, Shirley V Hodgson’,
Heidi C Howard®?, Anne Cambon-Thomsen®?, Bartha M Knoppers!'®, Hanne Meijers-Heijboer!!,
Hans Scheffer'?, Lisbeth Tranebjaerg!>'%!>, Wybo Dondorp'®'?, Guido MWR de Wert>!%17

on behalf of the ESHG Public and Professional Policy Committee

European Journal of Human Genefics (2013) 21, 580-584; doi:10.1038/ejhg.2013.46




Clinical NGS & secondary findings
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rable 1: Conditions, genes,. and variants recommended for return of incidental findings in clinical sequencing
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IS this screening?

* “In reality, seeking and reporting of incidental findings
represents a form of ‘opportunistic screening” (ACMG
guideline)
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ACMG recommendations

* The ACMG argues that laboratories have a fiduciary duty
to seek and return such results for the 57 genes on its list
to all patients, regardless of patient preferences or age.

* “disorders where preventative measures and/or
treatments were available and disorders in which
Individuals with pathogenic mutations might be
asymptomatic for long periods of time”

* Variants “that meet criteria for reporting as
pathogenic” (i.e. recognized cause of disorder; or
expected to cause the disorder)

* “actively search for the specified types of mutations in the
specified genes listed in these recommendations”

* No oit out m



Statement 1. Professional obligation

* “The recommendations essentially argue that laboratory
personnel have a professional obligation to conduct a
comprehensive evaluation of available test results to
identify such clinically significant findings.” (McGuire 2013)




Critique 1: Professional obligation?

* ‘serious’ threat?

* ‘urgency of the need to disclose’?

* Childhood-onset conditions > adult-onset conditions?
* Certainty or Risk
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Statement 2: Clinical utility of “hunting”

* include only “unequivocally pathogenic mutations in genes
where pathogenic variants lead to disease with very high
probability and where evidence strongly supports the
benefits of early intervention.” (McGuire et al. 2013)

ﬂ



Critique 2: Clinical utility of "hunting”

* “Iinsufficient evidence about benefits, risks and costs of
disclosing incendental findings to make evidence-based
recommendations” (ACMG guideline)

* Meaning in low risk group of pathogenic mutations?

* “The treshhold for determining which results should be
returned to individuals seeking screening should be set
significantly higher than that set for diagnostic testing due
to the much lower a priori chance of disease in such
individuals.” (ACMG 2012)

ﬂ



Statement 3: Patient preferences

* Patient can’t opt out as to whether or not to receive the
minimum list of incidental findings

* “patients have the right to decline clinical sequencing
If they judge the risks of possible discovery of incidental
findings to outweigh the benefits of testing.” (ACMG
guideline)

ﬂ



Critique 3: Patient preferences?

* “Patients should be given the option of not
receiving...secondary findings.” (ACMG 2012)

* Violation of patient autonomy with regard to return of
results (there is no opt out)

* Patients might refuse testing overall
* Concern of liability
* Patient experiences and interests

ﬂ



American College of Medical
Genetics and Genomics

Transiating Genes Into Healtfy®

ACMG NEWS

Media Contact: ACMG Media Relations
kbeal@acmg.net )
£

ACMG Updates Recommendation on "Opt Out” for Genome Sequencing Return of Results

Bethesda, MD - April 1, 2014| There has been significant discussion surrounding the initial
ACMG recommendations for the return of results from genome-scale sequencing issued in
March of 2013. The ACMG Board of Directors has listened carefully to the members’ views and
appreciates the many forums in which divergent and valuable opinions have been expressed.
The positions of ACMG members regarding the issues raised by the recommendations have
been assessed through a variety of mechanisms, including direct feedback, participation by
Board members in numerous forums exploring these issues, informal conversations, published
articles, commentaries and, most recently, through an extensive member survey, the results of
which were presented at the ACMG Annual Business meeting at the 2014 ACMG Annual
Clinical Genetics Meeting in Nashville on Thursday, March 27.

There appears to be a consensus among ACMG members that patients should have an
opportunity to opt out of the analysis of medically actionable genes when undergoing whole
exome or genome sequencing. While the ACMG Board still considers the [Fs to be important
medical information that can be a great value to families, it has voted to recommend that such
an "opt out” option be offered to patients who are considered candidates for clinical genome-
scale sequencing. "This update to our recommendations moves the opt out discussion to the
point where the sample is sent rather than at the time when results are received by the
ordering clinician, as was originally recommended,” explained Gail Herman, MD, PhD, FACMG,
president of the American College of Medical Genetics and Genomics. Explanation to patients of
the opt-out option and its implications should be part of the general education and informed

consent process undertaken by the ordering clinician prior to ordering the test.







Redenen waarom informatie niet wordt doorgegeven

o Geen nauwe relatie
o Verlangen om familieleden te beschermen tegen ‘slecht nieuws’

o Perceptie van laag risico (ongetrouwd, kinderloos, geen plannen
voor kinderen...)

o Familievetes

o Betrokkene is te jong

o Veronderstelling dat anderen de informatie reeds hebben gegeven
o Negatieve houding ten opzichte van zwangerschapsafbreking

o Taboe

o Schuldgevoelens

o Angst (bvb. Boodschapper van slecht nieuws)

o Vrees voor negatieve impact (bvb. op huwelijk)

ﬂ



Redenen waarom informatie wel wordt doorgegeven:

o Morele verplichting

o Reproductieve risico’s

o Nauwe banden

o Verantwoordelijkheid tegenover jongere generaties
o In sommige gevallen medisch voordeel

ﬂ



Beroepsgeheim

Doorschuiven van verantwoordelijkheid naar familieleden

o ‘familiebrieven’

* Gegronde reden om beroepsgeheim te doorbreken?
1) Alles is geprobeerd om toestemming van de patiént te krijgen?
2) Ernstige schade voor een ander bij handhaving geheim
3) Arts verkeert in gewetensnood door handhaving van het geheim

4) Er is geen andere weg om het probleem op te lossen dan het doorbreken
van het geheim

5) Schade aan de ander kan vrijwel zeker voorkomen worden of beperkt door
het doorbreken van het geheim

6) Het geheim wordt zo min mogelijk geschonden?




Beroepsgeheim doorbreken

e Australié:

“to permit a health professional to disclose genetic
Information about his or her patient to genetic relative of
that patient where the disclosure is necessary to lessen or
prevent a serious threat to an individual’s life, health or
safety, even where the threat is not imminent.”

ﬂ



Beroepsgeheim doorbreken

e Australié: voorwaarden

1) Voorafgaand informeren van de patiént dat informatie
relevant kan zijn voor de familieleden van de patiént en
dat zorgverleners deze kunnen meedelen

2) Redelijke stappen om patiént te overtuigen

3) Niet om het even welke arts kan deze familieleden
contacteren

4) Overleg met collega’s over doorbreken van
beroepsgeheim

5) Informatie beperken tot strikt noodzakelijke en identificatie
van patiént vermijden, net als het feit dat deze de
Informatie weigerde te geven

Gi Beperking tot derdegraadsverwanten m



Genomics during the lifecycle

Neonatal Preconceptional Prenatal During life
SCREENING
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HOGE GEZONDHEIDSRAAD CONSEIL SUPERIEUR DE LA SANTE

B Hoge Gezondheidsraad
Conseil Supérieur de la Santé

Carrier screening in a reproductive context:
Towards a responsible implementation in the
healthcare system

* P Borry, M-Van den Bulcke,

* HVan Oyen for the workgroup Public Health
Genomics
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